Abstract Experimental study of the local and average heat transfer characteristics of a single round jet impinging on the concave surfaces was conducted in this work to gain in-depth knowledge of the curvature effects. The experiments were conducted by employing a piccolo tube with one single jet hole over a wide range of parameters: jet Reynolds number from 27,000 to 130,000, relative nozzle to surface distance from 3.3 to 30, and relative surface curvature from 0.005 to 0.030. Experimental results indicate that the surface curvature has opposite effects on heat transfer characteristics. On one hand, an increase of relative nozzle to surface distance (increasing jet diameter in fact) enhances the average heat transfer around the surface for the same curved surface. On the other hand, the average Nusselt number decreases as relative nozzle to surface distance increases for a fixed jet diameter. Finally, experimental data-based correlations of the average Nusselt number over the curved surface were obtained with consideration of surface curvature effect. This work contributes to a better understanding of the curvature effects on heat transfer of a round jet impingement on concave surfaces, which is of high importance to the design of the aircraft anti-icing system.
Introduction

20
Heat transfer associated with jet impingement on a flat or 21 curved surface has been the subject of extensive investigation 22 for decades because of its enhanced local heat exchange perfor-23 mance in a wide variety of applications such as glass temper- 24 ing, metal annealing, and engine and turbine blades 25 cooling. 1, 2 Impinging jets are also used in the hot-air anti- 26 icing system of commercial aircraft where high-pressure hot 27 air, bleeding from the engine, is ducted forward to a pipe with 28 several small holes on it and impinges on the inner surface of The distance between two adjacent thermocouples was con- The general definition of Reynolds number is Thus, the jet Reynolds number can be defined as 204 The heat flux q in the heated area A is calculated as to thermal equilibrium at a certain power applied to the heater.
255
The total heat input is believed equal to the total heat loss 
